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CROPLAND PHOSPHORUS TRANSFORMATION 






One of the purposes of the joint REN and FAP task, Environ- 
mental Problems of Agriculture, is to collect, assess and clas- 
sify the current agricultural-environmental models. This paper 
contains a brief description, assessment and classification of 
eleven models of cropland phosphorus transformations and losses. 
These models can be used for solving some environmental problems 
related to the application of phosphorus fertilizers. The pre- 
sent paper serves two purposes. First, it is the second interim 
report discussing general work on collection, assessment, and 
classification of existing models. Secondly, this paper can be 
considered as a modest contribution to the Lake Balaton case 
study. 

CROPLAND PHOSPHORUS TRANSFORMATION 
AND LOSS MODELS 
I . A .  Shvytov 
The purpose of t h i s  paper  i s  t o  review s e l e c t e d  s imu la t ion  
models d e s c r i b i n g  v a r i o u s  mechanisms of  c rop land  phosphorus 
t r ans fo rma t ions  and t r a n s p o r t ,  as wel l  as t o  c l a s s i f y  e x i s t i n g  
models and t o  c l a r i f y  t h e  main environmental  e f f e c t s  r e l a t e d  
t o  phosphorus a p p l i c a t i o n .  For example, phosphorus is  one o f  
t h e  n u t r i e n t s  which can a c c e l e r a t e  e u t r o p h i c a t i o n  o f  r i v e r s  and 
l a k e s .  Furthermore,  heavy a p p l i c a t i o n  of phosphorus f e r t i l i z e r s  
t o  c rop lands  can  l e a d  t o  accumulation o f  phosphorus i n  t h e  s o i l .  
Both t h e  accumulation o f  phosphorus i n  t h e  s o i l  and t h e  a c c e l e r -  
a t i o n  o f  e u t r o p h i c a t i o n  o f  wate r  bodies  a r e  two o f  t h e  main en- 
vi ronmental  problems a s s o c i a t e d  w i t h  a p p l i c a t i o n  o f  phosphorus 
f e r t i l i z e r s .  F igu re  I i l l u s t r a t e s  t h e  r e l a t i o n  between phospho- 
r u s  a p p l i c a t i o n  and environmental  e f f e c t s .  Both t h e  phosphorus 
s u r f a c e  runoff  and the'  l o s s  o f  phosphorus through s o i l  e r o s i o n  
a r e  t h e  main p roces ses  r e s p o n s i b l e  f o r  w a t e r  body phosphorus 
p o l l u t i o n  from croplands .  F igu re  2 i l l u s t r a t e s  t h e  cropland 
phosphorus input -ou tpu t  f low c h a r t .  Water s o l u b l e  phosphorus 
l o s s e s  are due t o  runof f  and l o s s e s  of  phosphorus connected t o  
s o i l  p a r t i c l e s  a r e  due t o  s o i l  e r o s i o n .  The forms o f  phosphorus 
p o l l u t i o n  depend on t r ans fo rma t ion  p roces ses .  There  a r e  a few 
r e a c t i o n s  which cause  t r a n s f o r m a t i o n s  o f  a p p l i e d  phosphorus t o  
s e v e r a l  less s o l u b l e  forms. These r e a c t i o n s  l e a d  t o  a dec rease  
i n  t h e  phosphorus c o n c e n t r a t i o n  i n  t h e  s o i l  s o l u t i o n  and accumu- 
l a t i o n  of " f ixed"  phosphorus i n  t h e  s o i l .  F igu re  3 i l l u s t r a t e s  
t h e  pathway of  i no rgan ic  phosphorus t r ans fo rma t ion  i n  t h e  s o i l .  
I no rgan ic  forms o f  s o i l  phosphorus p a s s  through s e v e r a l  main 
phases:  s o l u b l e  phosphorus, p h y s i c a l l y  absorbed phosphorus, 
immobilized o r  f i x e d  phosphorus, and phosphorus p r e c i p i t a t e d  
from t h e  s o i l  s o l u t i o n .  The phosphorus absorp t ion-desorp t ion  
r e a c t i o n  needs on1 a few minutes  t o  r e a c h  equ i l i b r ium,  whi le  
t h e  precipitation-xesolation r e a c t i o n  can r e q u i r e  a few days  
t o  r each  equ i l i b r ium,  and t h e  immobil izat ion-mobi l izat ion re- 
a c t i o n  w i l l  need a few months. 
Depending on t h e  s p e c i f i c  a g r i c u l t u r a l  and environmental  
s i t u a t i o n ,  v a r i o u s  phosphorus t r ans fo rma t ion  models emphasize 
d i f f e r e n t  a s p e c t s  o r  p roces se s  o f  t h e  t r a n s f o r m a t i o n  p roces se s .  
The p r e s e n t  paper ,  t h e r e f o r e ,  i s  an  a t t emp t  t o  c o l l e c t ,  a s s e s s ,  
and c l a s s i f y  c u r r e n t  models o f  cropland phosphorus t ransforma-  
t i o n s  and l o s s e s  which w e r e  developed i n  t h e  l a s t  1 0  y e a r s .  
The e l even  models d e s c r i b e d  i n  t h i s  paper a r e  d i v i d e d  i n t o  t h r e e  
groups.  F igu re  4 i l l u s t r a t e s  t h e  main p r i n c i p l e s  used f o r  t h e  
c l a s s i f i c a t i o n .  There a r e  fou r  c l a s s e s :  c l a s s  A c o n t a i n s  mo- 
d e l s  neces sa ry  f o r  unders tand ing  t r ans fo rma t ion  p r o c e s s e s  a t  t h e  
f i e l d  l e v e l  ( 5  models) ;  c l a s s  B does  n o t  c o n t a i n  models; c l a s s  
C c o n t a i n s  models which w e r e  developed t o  p r e d i c t  phosphorus 
l o s s e s  from a g r i c u l t u r a l  f i e l d s  ( 2  models);  c l a s s  D c o n t a i n s  
models which were developed t o  p r e d i c t  phosphorus l o s s e s  from 
a g r i c u l t u r a l  wa te rsheds  ( 4  models) .  I t  should be  no ted  t h a t  
a comparat ive  a n a l y s i s  o f  models which belong t o  t h e  same m a t r i x  
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LIST OF MODELS 
C l a s s  A 
1. R.S. M a n s e l l ,  H.M. S e l i m ,  P. Kanchanasu t ,  J . M .  Davidson ,  
Y.G.A.  F i s k e l l ,  " E x p e r i m e n t a l  and  S i m u l a t e d  T r a n s p o r t  
of Phosphorus  t h r o u g h  Sandy S o i l s , "  Water R e s o u r c e s  
R e s e a r c h ,  v. 1 3 ( 1 )  1977,  pp.  189-194. 
2. C.G. E n f i e l d ,  B.E. B l e d s o e ,  " F a t e  o f  Wastewater Phosphorus  
i n  S o i l , "  J o u r n a l  of t h e  I r r i g a t i o n  a n d  D r a i n a g e  D i v i s i o n ,  
v.  101 I R  3 ,  1975, pp.  145-155. 
3. B. M i s h r a ,  P.K. Khanna, B. U l r i c h ,  "A S i m u l a t i o n  Model f o r  
O r g a n i c  Phosphorus  T r a n s f o r m a t i o n  i n  a F o r e s t  S o i l  
Ecosys t em,"  E c o l o g i c a l  Model ing,  v. 6,  1979, pp.  31-46. 
4. R.S. M a n s e l l ,  H.M. S e l i m ,  J . G . A .  F i s k e l l ,  " S i m u l a t e d  
T r a n s f o r m a t i o n s  and  T r a n s p o r t  o f  Phosphorus  i n  S o i l , "  
S o i l  S c i e n c e ,  v. 124,  No.2, 1977, pp .  102-109. 
5.  K.R.  H e l y a r ,  D.N.  Munns " P h o s p h a t e  F l u x e s  i n  t h e  S o i l - P l a n t  
System: A Computer S i m u l a t i o n , "  HILGARDIA, v .43 ,  N o .  4,  
1976,  pp.  103-130. 
C l a s s  C 
1.  L . J .  Tubbs,  D.A. H a i t h ,  " S i m u l a t i o n  of N u t r i e n t  L o s s e s  
f rom C r o p l a n d , "  P a p e r  N o .  77-2502 w a s  p r e s e n t e d  a t  t h e  
1977 W i n t e r  Mee t ing  o f  t h e  American S o c i e t y  o f  A g r i c u l t u r a l  
E n g i n e e r s ,  Ch icago ,  I l l i n o i s ,  December 13-16, 1977, 34 pp. 
2.  A. Amberger,  J. Hagin ,  " C o n t r i b u t i o n  of F e r t i l i z e r  and  
Manures i n  t h e  N- and  P- load  o f  Waters: A Computer 
S i m u l a t i o n  Model ,"  F i n a l  r e p o r t  s u b m i t t e d  t o  t h e  
Deu t sche  For schungs  G e m e i n s c h a f t ,  J a n u a r y  1974,  124 pp .  
C l a s s  D 
1.  V. Novotny, H. T r a n ,  G.V. Simsiman,  G. C h e s t e r s ,  "Mathema t i ca l  
Model ing  o f  Land Runoff  Con tamina ted  by P h o s p h o r u s , "  
J o u r n a l  WPCF, v .  5 0 ( 1 )  1978,  pp.  101-112. 
2 .  I. B o g a r d i ,  L. D u c k s t e i n ,  " I n p u t  f o r  a S t o c h a s t i c  C o n t r o l  
Model o f  P l o a d i n g , "  E c o l o g i c a l  Model ing ,  v . 4 ,  1978, 
pp.  173-195. 
3. A.S. Don ig i an ,  D.C. B e y e r l e i n ,  H . H .  D a v i s ,  N . H .  Crawford ,  
" A g r i c u l t u r a l  Runoff M a n a ~ e m e n t  (ARM) Model, I t  R e s e a r c h  
R e p o r t ,  EPA-600/3-77-098, 1977, 294 pp. 
4. G. K l i n g ,  "A Computer Model o f  D i f f u s e  S o u r c e s  of Sediment  
and  Phosphorus  moving i n t o  a Lake, ' '  Ph.D. T h e s i s ,  1974, 
C o r n e l l  U n i v e r s i t y ,  New York. 
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R.S. Mansell; H.M. Selin; P. Kanchanasut; J.M. 
Davidson; J.G.A. Fiskell, "~xperimental and 
Simulated Transport of Phosphorusthrou5hSandy 
Soils, " Water Resources Research, v. 13 (1 ) , 
1977, pp. 189-194. 
The orthophosphate movement through the sandy soil, 
reversible phosphorus absorption-desorption proces- 
ses, irreversible precipitation and chemical immo- 
bilization are taken into consideration. 
In order'to simulate phosphorus movement through 
soil, a one-dimensional transport equation is used. 
The solute transport equation is solved numerically 
for a soil column of fixed length. The explicit- 
implicit finite difference techniques are used. 
Three types of reversible absorption are considered. 
The first is approximated as being linear; the se- 
cond and third are non-linear. 
The soil water flux in vertical direction and amount 
of inorganic phosphorus fertilizers applied are the 
main model input. 
Dynamics of soluble phosphorus concentration in soil 
water in surface and subsurface soil horizons are 
the main model output. 
The model can be used to understand better the 
phosphorus transformation processes in the soil. 
The present model allows us to estimate the role 
various physical and chemical processes influencing 
phosphorus transport through sandy soils. 
- 9- 
CLASS A: Model 2 
I 
Model 
r e f e r e n c e  
Modelling 
p roces se s  
Modelling 
t echn iques  
---. 
C . G .  E n f i e l d ;  B.E .  Bledsoe;  "Fa te  of  Wastewater 
Phosphorus i n  S o i l , "  J o u r n a l  o f  t h e  I r r i g a t i o n  
and Drainage D iv i s ion ,  v. 101 I R 3 ,  1975, pp. 145-155. 
The abso rp t ion -deso rp t ion ,  p r e c i p i t a t i o n  and immo- 
b i l i z a t i o n  phosphorus p roces se s  a r e  t aken  i n t o  
c o n s i d e r a t i o n .  The or thophospha te  movement through 
a s o i l  i s  modelled. 
I n  o r d e r  t o  s i m u l a t e  phosphorus movement through 
s o i l ,  , t h e  one-dimensional t r a n s p o r t  equa t ion  i s  used.  
The r e g r e s s i o n  a n a l y s i s  i s  used t o  g e t  d i f f e r e n t  
K i n e t i c  f u n c t i o n s  t o  model absorp t ion-desorp t ion  
phosphorus p roces se s .  C a l c u l a t i o n s  f o r  t h e  solub- 
i l i t y  o f  ACH2P04 (OH) 2 ;  Ca50H (PO ) a r e  made. The 4 3 
t o t a l  phosphorus i n  s o l u t i o n  i s  c a l c u l a t e d  as t h e  sum 
o f  t h e  d i f f e r e n t  i o n i c  s p e c i e s .  
Model 1 i n p u t  
Model 
o u t p u t  
blo de 1 
assessment  
The amount of  i no rgan ic  phosphorus a p p l i e d  t o  t h e  
s o i l  and t h e  s o i l  water  f l u x  i n  a v e r t i c a l  d i r e c t i o n  
a r e  t h e  model o u t p u t .  
The e q u i l i b r i u m  r e s i d u a l  phosphorus concen t r a t i on  
i n  t h e  s o i l  s o l u t i o n  i s  t h e  main model o u t p u t .  
Using t h i s  model one can c a l c u l a t e  and p r e d i c t  t h e  
e q u i l i b r i u m  r e s i d u a l  phosphorus c o n c e n t r a t i o n  i n  t h e  
s o i l  s o l u t i o n .  The f a t e  of  o r thophospha te  i n  s o i l s  
r e c e i v e s  t h e  most a t t e n t i o n .  Furthermore,  t h e  model 
can be used i n  a mass ba lance  a n a l y s i s  t o  a s s e s s  
t h e  c a p a c i t y  of  a s o i l  t o  remove or thophospha te  from 
s o l u t i o n .  
- 10- 














B. Mishra; P.K. Khanna; B. Ulrich, "A simulation 
Model for Organic Phosphorus   ran sf or ma tion in a 
Forest Soil Ecosystem," Ecological Modelling, v.6, 
1979, pp. 31-46. 7 
The decomposition of litter as well as mineraliza- 
tion and immobilization of phosphorus in the humus 
layer of soil are the main processes considered. 
Furthermore, the decomposer population growth 
processes are taken into account. 
Phosphorus in the humus layer is divided into two 
components: phytin-like substances and nucleic 
acid-like substances. Zero-order Kinetic is used 
to model phosphorus mineralization and synthesis. 
It is assumed that the rate of litter decomposition 
is proportional to the growth rate of decomposer 
organized biomass. The soil moisture and temperature 
affect the growth rate of decomposer biomass. 
Quantity of litter fall, quality data of litter, 
monthly amount of phosphorus with precipitation 
are considered as model input. 
Phosphorus concentration in the effluent of the 
humus layer, the decomposer biomass, the dynamics 
of the carbon/phosphorus ratio of litter are the main 
model output. 
The present model can be used to gain an insight into 
the organic phosphorus transformations and behavior 
in the soil. Despite the fact that it is a site- 
specific model developed for a forest soil ecosystem, 
it is possible to implement the present model, after 
changes in certain parameters, for agricultural eco- 
systems. 
-11- 
CLASS A: Model 4 
.------ --.- 
Model R.S. Mansel l ;  N . M .  S e l i n ;  J.G.A. F i s k e l l ;  "S imula ted  
-7'-r e f e r e n c e  T r a n s f o r m a t i o n s  and T r a n s p o r t  o f  Phosphorus i n  S o i l , "  
Modell ing 
p r o c e s s e s  
- 
Modell ing 
t e c h n i q u e s  
Model 
i n p u t  
Model 
o u t p u t  
Model 
a s s e s s m e n t  
S o i l  S c i e n c e ,  v.  124, No.2, 1977, pp. 102-109. 
The t r a n s f o r m a t i o n s  and movement of  o r t h o p h o s p h a t e  
i n  s o i l  a r e  modelled.  The s o r p t i o n - d e s o r p t i o n ,  
m o b i l i z a t i o n - i m m o b i l i z a t i o n ,  p r e c i p i t a t i o n -  
d i s s o l u t i o n  a r e  phosphorus t r a n s f o r m a t i o n  p r o c e s s e s  
t a k e n  i n t o  accoun t .  The t r a n s p o r t  o f  s o l u t i o n -  
phase  phosphorus t h r o u g h  t h e  s o i l  i n  t h e  v e r t i c a l  
d i r e c t i o n  i s  c o n s i d e r e d .  
F i r s t  o r d e r  d i f f e r e n t i a l  e q u a t i o n s  a r e  used t o  model 
t h e  dynamics o f  phosphorus t r a n s f e r  between d i f f e r e n t  
phases  ( adsorbed ,  s o l u b l e ,  immobil ized,  and p r e c i p -  
i t a t e d  p h a s e s ) .  The e x p l i c i t - i m p l i c i t  f i n i t e  d i f -  
f e r e n c e  method i s  used t o  s o l v e  t h e  phosphorus - t r ans -  
p o r t  e q u a t i o n .  
I The s o i l  w a t e r  f l u x  i n  a  v e r t i c a l  d i r e c t i o n  and t h e  
amount o f  i n o r g a n i c  phosphorus f e r t i l i ze r s  a p p l i e d  
a r e  t h e  main model i n p u t .  
Jlynamics o f  d i s t r i b u t i o n s  o f  s o l u b l e ,  adsorbed ,  
immobi l ized ,  and p r e c i p i t a t e d  phosphorus i n  t h e  s o i l  
p r o f i l e  a r e  t h e  main model o u t p u t .  
T h i s  model can  b e  u s e d  f o r  u n d e r s t a n d i n g  t h e  prob- 
l e m  o f  accumula t ion  o f  phosphorus i n  t h e  s o i l  due  
t o  heavy a p p l i c a t i o n s  of  m u n i c i p a l  w a s t e s  and 
commercial f e r t i l i z e r s  t o  t h e  c r o p l a n d s .  The p r e s e n t  
model p r o v i d e s  a  d e t a i l e d  d e s c r i p t i o n  o f  phosphorus  
r e t e n t i o n  and removal p r o c e s s e s  i n  t h e  s o i l .  
-1 2- 
CLASS A: Model 5 
Model 








i n p u t  
Model 
assessment 
K.R.  Helyar;  D.N.  Munns; "Phosphate Fluxes i n  t h e  
So i l -P l an t  System: A Computer ~ i m u l a t i o n , "  
MILGARDIA,  v . 4 3 ,  No.4, 1 9 7 6 ,  pp. 103-130. 
,- 
The adsorp t ion-desorp t ion ,  t h e  slow removal of 
phosphate from t h e  s o i l  s o l u t i o n  and adsorbed 
phases ,  d i s s o l u t i o n  o f  phosphorus f e r t i l i z e r ,  
and phosphate uptake by p l a n t  r o o t s  a r e  t h e  
main processes  considered.  
The phosphate adso rp t ion  and deso rp t ion  isotherms 
a r e  used. The slow removal o f  phosphate from the  
s o i l  s o l u t i o n  and adsorbed phases i s  modelled by a 
simple n- th  o r d e r  K i n e t i c  d i f f e r e n t i a l  equa t ion ,  
The f i r s t - o r d e r  K i n e t i c  i s  used t o  model t h e  d i s -  
s o l u t i o n  o f  f e r t i l i z e r .  The r a d i a l  d i f f u s i o n  and 
convection equa t ion  i s  used t o  model phosphorus 
t r a n s f e r  t o  r o o t s .  This  equa t ion  i s  so lved  by a 
numerical  technique,  us ing  t h e  Czank-Nicolson 
f i n i t e  d i f f e r e n c e  method. 
The amount of phosphate f e r t i l i z e r  a p p l i e d  t o  t h e  
s o i l  i s  t h e  main model i n p u t .  
This  model can be used t o  improve t h e  unders tanding 
o f  phosphorus t r ans fo rma t ion  and p l a n t  uptake 
p roces ses  i n  t h e  r o o t  zone o f  s o i l s .  The p r e s e n t  
model can be u s e f u l  i n  e s t i m a t i n g  t h e  r o l e  o f  
d i f f e r e n t  f a c t o r s  which a f f e c t  phosphate t r a n s -  
format ion and p l a n t  uptake.  
CLASS C:  Model 1 
Model 
r e f e r e n c e  
L . J .  Tubbs; D.A. H a i t h ,  " S i m u l a t i o n  of  n u t r i e n t  
losses f rom c r o p l a n d , "  P a p e r  No.77-2502 was p r e s e n t e d  
a t  t h e  1977 W i n t e r  Mee t ing  o f  t h e  American S o c i e t y  
o f  A g r i c u l t u r a l  E n g i n e e r s ,  Ch icago ,  I l l i n o i s ,  
December 13-16, 1977, 34 pw. 
Mode l l i ng  
p r o c e s s e s  
Water  b a l a n c e  p r o c e s s e s :  s u r f a c e  a n d  s u b s u r f a c e  
r u n o f f ,  snow-mel t ing ,  p e r c o l a t i o n ,  e v a p o t r a n s p i r a t i o n .  
N i t r o g e n  b a l a n c e  p r o c e s s e s :  o r g a n i c  n i t r o g e n  
m i n e r a l i z a t i o n ,  r u n o f f  and  p e r c o l a t i o n  l o s s e s  o f  
n i t r o g e n ,  c r o p  u p t a k e  of n i t r o g e n .  
Phosphorus  b a l a n c e  p r o c e s s e s :  a b s o r p t i o n  and  d e s o r p -  
t i o n  o f  i n o r g a n i c  phosphorus  i n  t h e  s o i l ,  s o l u b l e  
p h o s p h o r u s  l o s s e s  i n  r u n o f f ,  a b s o r b e d  losses o f  
p h o s p h o r u s  w i t h  e r o s i o n .  
M o d e l l i n g  
t e c h n i q u e s  
The h y d r o l o g i c a l  submodel i s  b a s e d  o n  a d a i l y  
m o i s t u r e  b a l a n c e  f o r  t h e  t o p  l a y e r  o f  s o i l .  Runoff  
i s  f o r e c a s t e d  u s i n g  t h e  U.S. S o i l  C o n s e r v a t i o n  
S e r v i c e ' s  e q u a t i o n .  The o r g a n i c  n i t r o g e n  m i n e r a l -  
i z a t i o n  ra te  i s  m o d e l l e d  by t h e  V a n ' t  Hoff -Azzhnenius  
r e l a t i o n s h i p .  The e q u i l i b r i u m  be tween  f i x e d  and 
s o l u b l e  phosphorus  is d e s c r i b e d  by a l i n e a r  i s o t h e r m .  
Average  s o i l  losses due  t o  e r o s i o n  a r e  c a l c u l a t e d  f ron  
f rom t h e  U n i v e r s a l  S o i l  L o s s  e q u a t i o n .  
Model 
i n p u t  
D a i l y  w e a t h e r  d a t a  ( s u r f a c e  a i r  t e m p e r a t u r e ,  s o l a r  
r a d i a t i o n ,  t o t a l  p r e c i p i t a t i o n ,  minimum and  maximum 
d a i l y  a i r  t e m p e r a t u r e ) ,  n u t r i e n t  i n p u t s  a n d  c r o p  
r emova l s  a r e  c o n s i d e r e d  as a main model i n p u t .  
Model 
o u t p u t  
Losses of n i t r o g e n  and  phosphorus  i n  e r o d e d  s o i l ,  1 
l o s s e s  o f  d i s s o l v e d  i n o r g a n i c  p h o s p h o r u s  i n  r u n o f f ,  1 
losses o f  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  i n  r u n o f f  
a n d  p e r c o l a t i o n  are t h e  main o u t p u t  o f  t h e  model.  i 
Model 
a s s e s s m e n t  
T h i s  model c a n  b e  u s e d  t o  p r e d i c t  losses o f  f e r t i -  
l i z e r  and  n i t r o g e n  f rom a n  a g r i c u l t u r a l  c ropped  
f i e l d .  The p r e s e n t  model d o e s  n o t  p r o v i d e  f o r  t h e  
a s s e s s m e n t  o f  t h e  e f f e c t s  o f  c h a n g e s  i n  manure 
a p p l i c a t i o n s .  I t  s h a u l d  b e  n o t e d  t h a t  u n l i k e  
o t h e r  e x i s t i n g  n u t r i e n t  s i m u l a t i o n  mode l s ,  t h i s  
, m o d e l  p r o v i d e s  r e a s o n a b l e  estimates o f  phosphorus  
r and  n i t r o g e n  losses. 
I 
CLASS C:  Model 2 
Model 
r e f e r e n c e  
A. Amberger; J. Hagin, " C o n t r i b u t i o n  o f  F e r t i l i z e r  
and Manures i n  t h e  N- and P-load o f  Waters .  A 
Computer S i m u l a t i o n  Model," F i n a l  r e p o r t  s u b m i t t e d  
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' ~ o d e l l  i n g  
lprocesses  
I Modell ing t e c h n i q u e s  
Model 
! i n p u t  
Water b a l a n c e  p r o c e s s e s :  w a t e r  f low t h r o u g h  t h e  
s o i l ,  t r a n s p i r a t i o n  and e v a p o r a t i o n ,  s u r f a c e  and 
s u b s u r f a c e  r u n o f f .  
S o i l  e r o s i o n  and h e a t  and oxygen t r a n s p o r t  p r o c e s s e s  
a r e  t a k e n  i n t o  c o n s i d e r a t i o n .  
Ni t rogen  b a l a n c e  p r o c e s s e s :  m i n e r a l i z a t i o n  of  
o r g a n i c  n i t r o g e n ,  i m m o b i l i z a t i o n  o f  i n o r g a n i c  
n i t r o g e n ,  n i t r i f i c a t i o n ,  d e n i t r i f i c a t i o n .  
Phosphorus b a l a n c e  p r o c e s s e s :  phosphorus  t r a n s p o r t  
w i t h  e r o d e d  s o i l .  
I 
  he c a l c u l a t i o n  o f  t h e  r a t e  o f  w a t e r  f low i s  based 
, 
on a n  ex tended  Darcy e q u a t i o n .  Oxygen t r a n s p o r t  
i n  s o i l  i s  d e s c r i b e d  by F i c k ' s  e q u a t i o n .  The s o i l  i 
p r o f i l e  is  d i v i d e d  i n t o  s e v e r a l  l a y e r s  o f  e q u a l  
t h i c k n e s s .  The f i r s t - o r d e r  K i n e t i c s  a r e  used t o  
model n i t r o g e n  t r a n s f o r m a t i o n  p r o c e s s e s .  With r e -  
s p e c t  t o  so i l  e r o s i o n  mode l l ing ,  a  h i g h  p e r m e a b i l i t y  
f o r  t h e  t o p  l a y e r  o f  s o i l  and a  lower o n e  f o r  t h e  
second l a y e r  is  assumed. The e q u a t i o n  f o r  t h e  1 
w a t e r  f low i n  t h e  permeable l a y e r  i s  based  on I 
D a r c y ' s  law. 
r- - i 
D a i l y  m e t e o r o l o g i c a l  d a t a ,  i r r i g a t i o n  i n t e n s i t y  
and t o t a l  amount o f  w a t e r  a p p l i e d ,  t h e  amounts o f  
manure and f e r t i l i z e r  phosphorus and n i t r o g e n  I 
a p p l i e d  a r e  t h e  main i n p u t  o f  t h e  p r e s e n t  model. 1 
I 
'Model ! o u t p u t  
Model 
' assessment  
Dynamic o f  s o i l  m o i s t u r e  and n i t r o g e n  c o n c e n t r a t i o n  
i n  t h e  s o i l ,  amount o f  n i t r a t e  l e a c h e d  and amount 
o f  phosphorus removed w i t h  e r o d e d  s o i l  a r e  con- 
s i d e r e d  a s  t h e  main model o u t p u t .  
I 
- 
With r e s p e c t  t o  phosphorus ,  t h e  p r e s e n t  model can  b e  i u s e f u l  i n  e s t i m a t i n g  c rop land  phosphorus l o s s e s  due  I 
t o  s o i l  e r o s i o n .  With r e s p e c t  t o  n i t r o g e n ,  t h i s  I 
model can  be  used b o t h  t o  e s t i m a t e  c rop land  n i t r o -  I gen l o s s e s  and t o  improve o u r  u n d e r s t a n d i n g  o f  n i -  
t r o g e n  t r a n s f o r m a t i o n  and t r a n s p o r t  p r o c e s s e s  i n  I : - - 
t h e  s o i l .  1 
---.--- ---- - 
CLASS D: Model 1 
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reference 
V. Novotny; H. Tran; G.V. Simsiman; G. Chesters. 
"Mathematical Nodelling of Land Runoff Contaminated 
by Phosphorus," Journal WPCF, v. SO ( I ) ,  1978, 
pp. 101-112. 
I - I  -A- 
Modelling 
processes 
The land runoff and sediment, snowpack-snowmelt, 
infiltration, evapotranspiration, surface soil 
erosion, phosphorus soil adsorption are the 
principal processes considered. 
'Model ling 
techniques 
The phosphorus sorption is described by the I 
Langmuir isotherm. Surface soil erosion is I 
modelled by Universal Soil Loss Equation which ! 
includes effects of rainfall energy and sheet I 
runoff. The phosphorus adsorption model is 
incorporated into a dynamic hydrologic-sediment I 
transport model termed LANDRUN. I 
Model ) Daily agrometeorological data, watershed 
input 1 characteristics and type of land use are 
the main model input. 
j 
The soil adsorption submodel output is pollutant 
distributed between the soil solution and the soil 
particles. Phosphorus loading on rivers and lakes I 
is the main model output. i 
I 
-- 
Model The present model can be used to estimate the crop- i I assessment land phosphorus losses, and to investigate the role I 
of different soil and water protection practices in 1 
Ithe nutrient loading of rivers and lakes. Moreover, 
this model can be used as a phosphorus loading in- 
put to water bodies quality models. 
CLASS D :  Model 2 
Model 
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Modell ing 
p r o c e s s e s  
The model c o n s i s t s  o f  two main p a r t s :  a  submodel 
o f  t r a n s p o r t  of  phosphorus i n t o  t h e  l a k e  and a  
submodel o f  phosphorus accumula t ion  i n  t h e  
l a k e .  The f i r s t  submodel t a k e s  i n t o  a c c o u n t  t h e  : 
p r o c e s s e s  o f  c r o p l a n d  phosphorus removal by r u n o f f  
and sed iment  and t h e  second c o n c e r n s  t h e  p r o c e s s e s  i 
o f  t h e  phosphorus  c y c l e  i n  t h e  l a k e .  I 
The volume of  runof f  p e r  e v e n t  is e s t i m a t e d  from the:  
U.S. S o i l  C o n s e r v a t i o n  S e r v i c e  formula .  The I I 
sed iment  y i e l d  i s  c a l c u l a t e d  by means o f  t h e  
U n i v e r s a l  S o i l  Loss e q u a t i o n .  The amount o f  
I 
I 
d i s s o l v e d  phosphorus t r a n s p o r t e d  i s  c a l c u l a t e d  
by m u l t i p l y i n g  t h e  s o l u b l e  phosphorus  i n  t h e  s o i l  b  
r u n o f f  volume. The l o s s e s  o f  so rbed  phosphorus  are ? 
a s s o c i a t e d  w i t h  sed iment  y i e l d  and f i x e d  p h o s p h o r u s ;  
c o n c e n t r a t i o n  i n  t h e  s o i l .  The t o t a l  s e a s o n a l  
P- loading i s  t h e  sum o f  random P- loading e v e n t s .  1 
Long-term accumula t ion  o f  phosphorus i n  t h e  l a k e  
is modelled by a  f i r s t  o r d e r  d i f f e r e n c e  e q u a t i o n .  I 
I Model P r e c i p i t a t i o n  and c o n c e n t r a t i o n  o f  s o l u b l e  and 
! i n p u t  { s o r b e d  phosphorus  i n  t h e  s o i l  a r e  t h e  main model 
I i n p u t .  
-- -- 
'Model , T h e  t o t a l  s e a s o n a l  P- loading i s  t h e  main o u t p u t  o f  
o u t p u t  t h e  P  t r a n s p o r t  submodel. The dynamics o f  long- 
, r a n g e  accumula t ion  o f  phosphorus  i n ,  t h e  l a k e  a r e  




The p r e s e n t  model can  b e  used t o  estimate t h e  sea-  
s o n a l  P- loading on  t h e  l a k e  f rom t h e  a g r i c u l t u r a l  
wa te r shed  and t o  a s s e s s  long-range  accumula t ion  
o f  phosphorus  i n  l a k e  sed iment .  I 
CLASS D: Model 3 
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t e c h n i q u es  
IModel 
i n p u t  
Model 
o u t p u t  
Model 
lassessment 
A.S. Donigian;  D.C. B eye r l e in ;  H . H .  Davis ;  
N.H.  Crawford,  " A g r i c u l t u r a l  Runoff Management 
(ARM) Model, " Research Repor t ,  EPA-600/3/77/098, I 




The model s i m u l a t e s :  1 
I 
Water b a l an ce  p r o c e s s e s  : snow accumula t ion  and 1 
m el t i n g ,  r u n o f f ,  i n f i l t r a t i o n ,  p e r c o l a t i o n ,  ! 
e v a p o t r a n s p i r a t i o n .  
Ni t rogen  b a l a n c e  p roce s se s :  ammoni f i ca t ion ,  
I 
n i t r i f i c a t i o n ,  d e n i t r i f i c a t i o n ,  immob i l i z a t i on ,  
I 
and n i t r o g e n  p l a n t  up t ake ,  n i t r o g e n  l e a c h i n g .  
Phosphorus b a l a n c e  p roce s se s :  m i n e r a l i z a t i o n  o f  
o r g a n i c  phosphorus,  ad so rp t i on -deso rp t i on ,  
I 
4 
i m m o b i l i z a t i o n  t o  o r g a n i c ,  p l a n t  uptake .  - I 
The p e s t i c i d e  a d s o r p t i o n - d e s o r p t i o n  and 
d e g r a d a t i o n  p r o c e s s e s ,  s o i l  e r o s i o n  and n u t r i e n t  I 
I r u n o f f  and s e d i m e n t a t i o n  a r e  t aken  i n t o  cons ide r a -  , 
t i o n .  
The model c o n t a i n s  f i v e  submodels which s i m u l a t e  
t h e  h y d r o l o g i c  r e sponse  o f  t h e  wa te r shed ,  sediment  
p r o d u c t i o n ,  a d s o r p t i o n - d e s o r p t i o n  o f  p e s t i c i d e s ,  
p e s t i c i d e  d e g r a d a t i o n ,  and n u t r i e n t  t r ans forma-  
t i o n .  The h y d r o l o g i c a l  submodel i s  a  m o d i f i c a t i o n  
of  t h e  S t a n f o r d  Watershed Model. The s i ng l e -va lued  
r e v e r s i b l e  and nons ing le -va lued  i r r e v e r s i b l e  
a d s o r p t i o n - d e s o r p t i o n  e q u a t i o n s  a r e  used.  ~ i r s t -  
o r d e r  mechanisms a r e  used t o  model p e s t i c i d e  
d e g r a d a t i o n  and n u t r i e n t  t r a n s f o r m a t i o n s .  
Hydrometeorologica l  d a t a  and amount o f  f e r t i l i z e r s  
and p e s t i c i d e s  a p p l i e d  a r e  t h e  main model i n p u t .  
The losses o f  phosphorus,  n i t r o g e n  and p e s t i c i d e s  
from c r o p l a n d s  a r e  t h e  main model o u t p u t .  
h he p r e s e n t  model can p r e d i c t  t h e  losses o f  P- and 
N - f e r t i l i z e r s  and p e s t i c i d e s  from t h e  a g r i c u l t u r a l  
.w a t e r sh ed .  The model a l l o w s  f o r  e v a l u a t i o n  o f  t h e  
impact  o f  t i l l a g e  on sed iment  p r o d u c t i o n  and phos- 
, phorus  losses. 
I -- 
CLASS D: Model 4 
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Sediment  and Phosphorus Moving i n t o  a Lake ,"  
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g o d e l l i n g  
?recesses 
The s u r f a c e  s o i l  e r o s i o n  and phosphorus  sedimenta-  
t i o n  a r e  t h e  main p r o c e s s e s  c o n s i d e r e d .  
q o d e l l i n g  
t echn iques  
The sed iment  and phosphorus  l o s s e s  from t h e  
a g r i c u l t u r a l  wa te r shed  a r e  t h e  main model o u t p u t .  
- - - 
S o i l  e r o s i o n  i s  model led  a c c o r d i n g  t o  t h e  Wischmeiel 
e q u a t i o n .  The l i n e a r  r e g r e s s i o n  i s  used  t o  c o n n e c t  
t o t a l  phosphorus  l o s s e s  w i t h  sed iment  y i e l d .  Move- 
ments  o f  s e d i m e n t  and phosphorus are  c h a r a c t e r i z e d  
by s e p a r a t i n g  segments  o f  t h e  l a n d s c a p e  from which 
material s h o u l d  be  removed. 
rlodel i n p u t  
1 
- - - 
The changes  o f  l a n d  u s e  a r e  t h e  main model i n p u t .  
qodel 
3ssessment  
P r e s e n t  model c a n  b e  used t o  p r e d i c t  t h e  amount o f  
sediment  and phosphorus  from non-point  s o u r c e s .  
The model p r o v i d e s  a method t o  estimate t h e  e f f e c t s  
o f  changes  o f  l a n d  u s e  on sed iment  and phosphorus  
l o s s e s  from t h e  a g r i c u l t u r a l  wa te r shed .  
